Background: There is a lack of information on annual healthcare expenditures both per person and for the U.S.
T rauma imposes a substantial mortality and cost burden on the U.S. population. A variety of types of trauma are leading causes of death in the United States, including unintentional injury (fourth leading cause of death), suicide (10th leading cause of death), and homicide (16th leading cause of death). 1 In addition, the rate of fatal injury is estimated at 6.1 per 100,000 individuals, leading to a lifetime medical and work-loss cost estimated to exceed $214 billion in the United States alone. 1 Nonfatal injuries treated in U.S.
emergency departments (EDs) are estimated to account for nearly one-third of all ED visits, with rates of hospitalized injuries at 950.8 per 100,000. 1 Combined lifetime medical and work-loss costs for all ED-treated injuries is estimated at $456.9 billion. 1 Annual expenditures associated with trauma-related disorders have been estimated to range from an adjusted $56 billion to $92.1 billion with an annual mean expenditure ranging from $2,577 to $2,609 per person. 2, 3 While lifetime estimates for trauma medical and work-loss cost to the U.S. population exist based on national hospital and ED data, estimates using International Classification of Disease Ninth Revision, Clinical Modification (ICD-9-CM) codes are lacking. In addition, although unadjusted per person and U.S. population estimates exist, expenditure estimates accounting for confounders known to influence costs, such as demographic variables and comorbidities, has not been published. We seek to add to the understanding of the cost of trauma from the individual and societal perspective, specifically by estimating the adjusted annual cost burden of trauma for U.S. residents, as well as burden at the U.S. population level.
To accomplish this goal, we use the Medical Expenditure Panel Survey (MEPS), the only nationally representative survey of healthcare expenditures in the United States. With the use of this nationally representative data set, adjusted estimates can include inpatient, ED, physician office, out-of-pocket expenses, pharmaceutical, and long-term care costs for U.S. residents. We also utilized a two-part model to estimate the adjusted annual cost burden, providing information regarding the marginal impact of independent of individual demographics and other comorbidities associated with trauma expenditures.
METHODS

Data Source and Sample
We used data from the 2011 MEPS Household Component (MEPS-HC) to estimate the cost of trauma among adults (aged ≥ 18 years). MEPS is a survey of the nationally representative U.S. civilian noninstitutionalized population and is administered by the Agency for Healthcare Research and Quality (AHRQ). 4, 5 The AHRQ validates MEPS as a selfreported instrument by administering many quality assurance procedures, such as validation of the interviewer's work and comparing MEPS numbers with other data source numbers such as the Census Bureau and National Health Interview Survey. 6 MEPS obtains information on participants' use of medical care and their medical spending, as well as information on demographics, socioeconomics, and health conditions. Medical expenditures are defined as the payments that healthcare providers receive from all payers, including out-of-pocket expenditures of the individuals who are surveyed. 7, 8 Information on the MEPS-HC is collected by selfreport, which is then validated and supplemented through the Medical Provider Component (MPC). The MPC provides ICD-9-CM diagnoses codes and expenditures reported by hospitals, physicians, home healthcare providers, and pharmacies for the MEPS-HC respondents. 9 The MEPS-HC uses professional coders to convert information recorded by interviewer as verbatim text into ICD-9-CM codes. The error rate for any coder did not exceed 2.5% on verification. To protect the confidentiality of respondents, fully specified ICD-9-CM codes were collapsed to three digits. 5 We determined trauma exposure based on ICD-9-CM codes 800-959, from the MEPS-HC medical condition files. We then merged data from the HC survey of the medical condition files with full-year consolidated files, using the unique person identifier (DUPERSID) on a one-to-one match. 5 This resulted in an unweighted adult sample of 3,099 (weighted sample of 36,026,601) individuals. To provide nationally representative estimates for the U.S. population, we accounted for the sampling weights, clustering, and stratification design. 8 MEPS files provide four advantages. 6 First, they capture all medical events, including inpatient, outpatient, emergency room, office-based provider, prescription drug use, dental visit, home healthcare, and others. Second, a medical event is linked to the primary condition for which the medical care was sought. Third, direct medical care expenditures incurred by society are derivable from all payers covered in the MEPS by including both billed and out-of-pocket expenses. Finally, the complex sampling design makes it possible to extrapolate the estimates and results to a U.S. civilian noninstitutionalized population by applying appropriate person-level weights to individuals in the data set.
Measures
Variables of Interest. The dependent variable in this study was direct total medical care expenditures, which were defined as the sum of direct payments for care provided during the year, including out-of-pocket payments and payments by private insurance, Medicaid, Medicare, and other sources. 8 Total medical care expenditures included the expenditure categories of office-based medical provider, hospital outpatient, emergency department (ED), inpatient hospital (including zero night stays), prescription medicine, dental, home health care, and other medical expenditures. 8 The primary independent variable was a binary indicator of trauma exposure. Individuals were identified as having trauma exposure if they had an ICD-9-CM code in the range of 800 through 959. 10 Covariates. All covariates used for adjusted analyses were based on self-report:
Comorbidities. Binary indicators of comorbidities were based on a positive response to a question "Have you ever been diagnosed with . . .." Cardiovascular disease (CVD) was based on a positive response to diagnosis of coronary heart disease, angina, myocardial infarction, or other heart diseases. Previous studies showed that the binary indicator of disease is a better measure of comorbidity disease burden.
11,12
Demographics. Racial/ethnic groups were categorized into non-Hispanic white, non-Hispanic black, Hispanic, and others. Education was categorized as less than high school (≤ grade 11), high school (grade 12), and college or more (grade ≥ 13). Marital status was categorized into married, nonmarried (widowed/ divorced/separated), and never married. Gender was dichotomized. Age was categorized into 18-44, 45-64, and ≥65 years. Census region was categorized as Northeast, Midwest, South, and West. Metropolitan Statistical Areas (MSA) were coded yes if the individual's residence was located in a MSA as of the end of the year. Health insurance was categorized as private, public only, or uninsured through the entire year. Income level was defined as a percentage of the poverty level and grouped in to four categories: poor or negative (<125%), low (125% to less than 200%), middle (200% to less than 400%), and high income (≥400%).
Data Analyses
First, unadjusted means and corresponding 95% confidence intervals (CIs) were used to compare total and medical care category expenditures by trauma exposure. Second, frequency and unadjusted mean expenditures were estimated for the top ten ICD-9-CM trauma codes. Adjusted incremental medical care expenditures associated with trauma exposure were estimated using a two-part model. 7, [13] [14] [15] In the twopart model, we first used a probit model to estimate the probability of observing a zero versus positive medical expenditure. Second, conditional on having a positive medical expenditure, we estimated a generalized linear model (GLM) of the association of trauma exposure with total medical care expenditures. 7, [16] [17] [18] These models have been widely employed in situations where there are excess zeros due to the large number of nonusers of health services and the assumption of normality of the error term is not satisfied. 19 Following the two-part model we used the margins in Stata to calculate marginal (incremental) effects and their standard errors from the combined first and second parts of the final model. 16 When employing a two-part model, the use of GLM in the second part has an advantage over log OLS, since the normality and homoscedasticity assumptions are relaxed, and bias associated with retransforming to the raw scale is avoided. 16 Finally, we estimated a separate logit model to examine the factors associated with the probability of trauma exposure. In this model a binary outcome variable of trauma exposure was the dependent variable. To control for confounding, sociodemographic factors including age, sex, race, marital status, education, health insurance, MSA, region, income level, and comorbidities were included in the two-part and the logit models. 20 When employing the GLM model, the appropriate choice of the variance function must be determined. The Park test was used as a diagnostic test to examine the model fit. 6, 7, 18 Using the results of the modified Park test, we chose a gamma distribution with a log link, to estimate the best fitting GLM for consistent coefficients and marginal (incremental) effects of medical expenditures. 7, 18, 21 We examined the possibility of multicollinearity of two-part model predictors using the variance inflation factor, while also taking into account the complex survey design, and found no evidence for multicollinearlity. We tested the adequacy of the logistic regression model, using the F-adjusted mean residual goodness of fit and found no evidence for lack of fit. 22 Finally, we employed the link test, which accounts for the complex survey design, while examining the model for specification error, and verified evidence of proper specification of the model. All analyses were performed at the person level using Stata version 14 (StataCorp LP). Only estimates that were statistically significant at the p < 0.05 level are discussed in the paper.
RESULTS
Of the 197,508,959 nationally weighted population of individuals > 17 years old surveyed in the 2011 MEPS data set, 36,026,601 (18.2%) were found to have an ICD-9-CM code for trauma exposure. Table 1 shows that trauma exposure was more likely among males; non-Hispanic whites; non-and never married; and Northeast, Midwest, and West residents. Trauma exposure was also more likely in individuals with cardiovascular disease, stroke, joint pain, arthritis, and asthma. As shown in Data Supplement S1 (available as supporting information in the online version of this paper), adjusted differences in trauma exposure were found by age with lower likelihood of trauma exposure among individuals between 65 and 85 (relative to 18-44) years, females, non-Hispanic Black and Hispanics (relative to non-Hispanic whites), and residents of the South (relative to the Northeast). Nonmarried and never-married individuals had higher odds of trauma exposure relative to married individuals. There were no significant adjusted differences in trauma exposure by education, insurance status, or income level. Finally, with regard to comorbidities, individuals with hypertension had a lower likelihood of trauma exposure and individuals with stroke, joint pain, arthritis, and asthma had higher odds of trauma exposure relative to no comorbidities. Table 2 Table 3 shows the top 10 trauma ICD-9-CM codes, along with mean healthcare expenditures for each. The most frequent code was injury not elsewhere classified/not otherwise specified (NEC/NOS), with a mean medical expenditure of $8,849. The most expensive was dislocation of knee, with a mean medical expenditure of $10,673.
As shown in Table 4 , after adjusting for sociodemographic and comorbidities, individuals with trauma exposure, had $1,689 (95% CI = $1,006 to $2,372) significantly higher incremental expenditures relative to individuals who had not experienced trauma exposure. In addition, individuals between the ages of 45 and 64 ($1,184; 95% CI = $569 to $1,798) and between the ages of 65 and 85 ($1,272; 95% CI = $500 to $2,043) had significantly higher incremental expenditures relative to individuals between the ages of 18 and 44. Similarly, females ($760; 95% CI = $170 to $1,349) and urban dwellers ($1,086; 95% CI = $571 to $1,601) had significantly higher incremental expenditures relative to males and rural dwellers, respectively. Relative to non-Hispanic Whites, Non-Hispanic Blacks (-$897; 95% CI = -$1,533 to -$262) and Hispanics (-$1,045; 95% CI = -$1,814 to -$276) had significantly lower incremental expenditures. Relative to less than high school educated, high school ($1,597; 95% CI = $759 to $2,435) and college or more educated ($1,592; 95% CI = $968 to $2,215) had significantly higher incremental expenditures. Relative to the privately insured, the publicly insured ($1,533; 95% CI = $524 to $2,542) had significantly higher and the uninsured (-$3,257; 95% CI = -$4,025 to -$3,029) significantly lower incremental expenditures while the low-income (-$1,472; 95% CI = -$2,609 to -$335) and middleincome (-$1,297; 95% CI = -$2,442 to -$151) individuals had lower incremental expenditures relative to the poor. Among individuals with comorbidities, the following conditions were associated with significantly higher incremental expenditures relative to individuals 
DISCUSSION
Using a nationally representative dataset and standardized ICD-9-CM codes to identify trauma exposure, we found significant differences in trauma exposure by demographic and clinical characteristics. In addition, CVD = cardiovascular disease. N = weighted sample size; n = unweighted sample size; % = weighted percentage. *Nonmarried includes widowed/divorced and separated.
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we found significant differences in total medical care, office-based, outpatient, ED, dental, and other medical care expenditures between those with and without trauma exposure. By calculating the incremental cost of trauma exposure, we found that after adjustment, those with trauma exposure have more than $1,500 higher medical care expenditures per year, and the burden to the U.S. population is over $60 billion annually. This study not only updates existing information on the burden of trauma to the U.S. population, but provides estimates using standardized and validated ICD-9-CM codes for trauma exposure and adjusts estimates for a comprehensive list of confounders. Based on 2011 MEPS data, we found that 18.2% of adults had trauma exposure. This is in contrast with the 2006-2010 study by Alghnam et al., 2 which found that 7.9% reported injury. Alghnam et al. 2 used MEPS data in 2012 to estimate healthcare expenditures, but defined trauma as a positive response to self-report "a physical problem that arose from some sort of external trauma to the body such as a fall" instead of using ICD-9-CM codes. 2 Although the proportion of those with trauma exposure was higher, our adjusted incremental expenditures in 2011 relative to the 2006-2011 study were lower ($1,689 compared to $2,577). 2 We believe that this may be due to our adjustment for a number of important comorbidities as binary variables, rather than use of the Charlson comorbidity index. 2 This suggests the importance of accounting for comorbidities when estimating mean incremental expenditures in this population. Our study also differs from an AHRQ study that used CCS codes for trauma related disorder (225-236, 239, 240, and 244) that reported prevalence of 11.3% and mean expenditures of $ 2,609 per person with an expense. 3 We believe that our definition was more inclusive, resulting in a difference in estimated prevalence of trauma and differences in expenditures.
The strengths of our study include using ICD-9-CM codes to estimate medical care expenditures for trauma, including multiple medical care expenditure categories (inpatient, outpatient, prescription medications, office-based, dental, ED, and home health expenditures) and adjusting for binary indicators of comorbidities to estimate the independent effect of trauma exposure. However, there are a number of limitations. First, data are based on self-reported trauma, which was then assigned a three-digit ICD-9-CM code for privacy considerations. Second, we only analyzed 1 year, and trends in the medical expenditures associated with trauma may exist if considering multiple years. Third, we limited our analysis to medical care expenditures, so other societal costs of trauma, such as work absenteeism and functional disability, were not included. Fourth, institutionalized individuals who tend to be sicker with a lower survival, and potentially higher expenditures, were not included in MEPS, so this may underestimate the actual expenditures (especially inpatient) associated with trauma. Fifth, we are unable to observe how provider characteristics are associated with trauma expenditures. Finally, we are unable to isolate trauma specific expenditures for an individual from other types of expenditures within each category of expenditures. Even so, our results provide an annual estimate of the incremental effect of trauma both at the individual and at the population level after adjusting for a number of individual comorbidities and patient sociodemographics. These estimates provide clinicians and health policy makers with a baseline of annual potential savings to the individual and U.S. population from preventive measures which help reduce trauma. Clinicians treating individuals with comorbidities most highly associated with trauma, including stroke, joint pain, arthritis, and asthma, should be aware of the possible interaction with trauma and take this into account in managing these populations.
CONCLUSION
We sought to estimate the unadjusted and adjusted association of trauma exposure with total and separate categories of medical care expenditures. We found that the most frequent trauma exposure was injury not elsewhere classified/not otherwise specified, and the most expensive of the top 10 trauma International Classification of Disease Ninth Revision, Clinical Modification codes was dislocation of the knee. We found that individuals with comorbidities of stroke, joint pain, arthritis, and asthma are more likely to have trauma exposure. Finally, we found that trauma imposes a substantial burden on the U.S. population with the largest differences in expenditures in office-based, outpatient, ED, dental, and other medical care expenditures. We estimate the socioeconomic and demographic-adjusted burden to be $60.8 billion and the unadjusted burden to be $80.6 billion based on an adjusted $1,689 and an unadjusted $2,237 incremental cost per individual per year. 
